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FERTILIZING TWENTY-FIVE KINDS
OF VEGETABLES
BY J. W. LLOYD AND L. H. STRUBINGER
URBANA, ILLINOIS, JUNE, 1930
CONCLUSIONS
EXPERIMENTS described in this bulletin justify the fol-
JL lowing conclusions concerning the use of fertilizers in growing
vegetables :
1. The use of limestone in addition to manure may be expected to
increase greatly the yields of certain vegetables when grown on dark-
colored silt loam soil of the Illinois corn belt.
2. A moderate application of manure can be advantageously sup-
plemented with limestone and commercial fertilizers for the production
of many kinds of vegetables. In the case of several vegetables phos-
phorus is the only material needed to supplement the manure and
limestone
;
with others better results are obtained by using both phos-
phorus and potash.
3. Good crops of many vegetables can be grown without the use of
manure provided liberal applications of nitrogen, phosphorus, and
potassium are made in addition to the use of cover crops and limestone.
4. For the growing of many vegetable crops superphosphate (acid
phosphate) appears to be a better source of phosphorus than either
steamed bone or raw rock phosphate.
More detailed recommendations concerning the use of fertilizers
are given on pages 319 and 320.
Urbana, Illinois June, 1930
Publications in the Bulletin series report the results of investigations
made or sponsored by the Experiment Station
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FERTILIZER
experiments with vegetables at this and other ex-
periment stations usually have been restricted to a few crops of
major importance, while many of the minor crops have been
ignored and their fertilizer requirements thus left undetermined. Also,
the scarcity of manure has necessitated a search for possible supple-
ments and substitutes for this material in the production of vegetables,
and various suggestions have been made, including the use of cover
crops to supply humus and nitrogen and the use of commercial ferti-
lizers to furnish the other needed elements.
In view of this situation an experiment was planned to include a
number of vegetable crops of relatively minor importance in this state,
as well as various major crops that had not been included in previous
fertilizer experiments at this Station. Nineteen different soil treat-
ments were employed in the tests, and 25 kinds of vegetables were
grown under each treatment. In some cases more than one type of
the same kind of vegetable was grown, so that the records include 32
different items. The experiment was continued for six years.
METHOD OF CONDUCTING THE TESTS
Arrangement of Plots
The soil on which this experiment was conducted was dark-colored
silt loam characteristic of much of the soil of the corn belt. The
land had been used for the production of corn and other grain in a
system of general farming for a number of years before this experi-
ment was started. In the spring of 1920 the area was laid out into
plots, and the initial applications of fertilizer were made. There were
three series of plots, each series consisting of 22 plots. The individual
plots were 33 by 66 feet in area, thus consisting of exactly one-
twentieth of an acre. Border strips 8% feet wide were left between
adjoining plots, and driveways 16% feet wide were left between the
series.
Treatments of the corresponding plots in each series were identical.
The various treatments were as follows:
Plot Treatment
1. Manure
2. Manure, limestone
1
('Tests showed that the soil used in this experiment had a limestone require-
ment of 2 to 2% tons an acre.)
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3. Manure, limestone, bone meal
4. Manure, limestone, bone meal, potassium sulfate
5. Bone meal, dried blood, potassium sulfate
6. Check
7. Cover crop, manure, limestone
8. Cover crop, manure, limestone, bone meal
9. Cover crop, manure, limestone, rock phosphate
10. Cover crop, manure, limestone, superphosphate (acid phosphate)
11. Cover crop, manure, limestone, bone meal, potassium sulfate
12. Cover crop, limestone, bone meal, nitrate of soda
13. Cover crop, limestone, bone meal, dried blood, potassium sulfate
14. Check
15. Cover crop, limestone
16. Cover crop, limestone, bone meal
17. Cover crop, limestone, rock phosphate
18. Cover crop, limestone, superphosphate (acid phosphate)
19. Cover crop, limestone, bone meal, potassium sulfate
20. Check
21. Poultry manure
22. Cover crop, limestone, bone meal, ammonium sulfate
Amounts of Fertilizers Applied
The amounts of the various fertilizers applied, whether used alone
or in combination, are shown in Table 1.
TABLE 1. AMOUNTS OF THE VARIOUS FERTILIZERS APPLIED TO VEGETABLE PLOTS
(Dark-colored silt loam, Urbana)
Fertilizer
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was first planted to vegetables, all fertilizers with the exception of linie
were applied every year; lime was applied once every three years.
Three Groups of Vegetables Grown
The vegetables were divided into three groups on the basis of time
of planting and time of harvest. One group was planted on each
series, and the groups were rotated thru the three series from year
to year.
The first group consisted of crops that are planted early and har-
vested early. A cover crop of vetch was sown each year on the cover-
crop plots, following the harvest of these vegetables. The second
group consisted of cool-season crops that are planted later than the
preceding group and occupy the land till late fall. No cover crop was
sown in the fall on the land occupied by these crops any given year.
This land was plowed in the fall to be ready for the planting of Group
1 early the next spring. The third group consisted of warm-season
crops that are planted late in spring and are usually killed by the
early frosts of fall. A cover crop of vetch and rye was sown after the
harvest of this group.
TABLE 2. ROTATION OF CROPS ON EACH SERIES OF PLOTS DURING THE Six YEARS
OF THE EXPERIMENTS
Year
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TABLE 3. VARIETIES OF VEGETABLES USED IN EXPERIMENTS
Vegetable
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carrots, kohlrabi, radishes, and early turnips were weighed with the
tops on, since they were to be marketed as bunched vegetables. The
late beets and late carrots, as well as the parsnips and salsify, were
topped before weighing. The other products were weighed as com-
monly prepared for market.
In order to make the records comparable, all yields have been cal-
culated to the acre basis and expressed in pounds. The yields as given
refer only to the products of marketable grade.
RESULTS OF EXPERIMENTS
Limestone and Commercial Fertilizers With Manure
Increased Yields
The yields of the various vegetables from the plots treated with
manure alone and with manure supplemented by limestone, steamed
bone, and potassium sulfate in various combinations, are given in
Table 4.
With most vegetables limestone in addition to manure resulted in
definite increases in yields. With some vegetables this increase was
equivalent to more than 20 percent of the yields secured from manure
alone. The crops showing more than a 20 percent increase were cauli-
flower. 36 percent; onions from seed, 36 percent; peppers, 22 percent;
spinach, 48 percent; and turnips, 41 percent. An increase of over
10 percent was apparently due to limestone in the case of late cabbage,
early carrots, eggplant, lettuce (leaf and head), and onions from sets.
The only crops in which the yields were less where the limestone was
used were early beets, celery, okra, parsley, salsify, and sweet po-
tatoes, and only in the case of sweet potatoes was the decrease as
much as 10 percent.
The addition of steamed bone meal to manure and limestone still
further increased the yields of a number of vegetables. This increase,
apparently due to steamed bone, was most striking in the case of early
carrots, 41 percent; onions from seed, 36 percent; kohlrabi, 32 per-
cent; and leaf lettuce, 29 percent. Other crops in which the yields
were increased more than 10 percent were celeriac, celery, eggplant,
onions from sets, and leeks.
Potassium in the form of sulfate of potash, used to supplement
manure, limestone, and bone meal, greatly increased the yields of early
beets and spinach, the increase amounting to approximately 39 percent
in each case. Other crops in which the increase in yield apparently
due to potassium amounted to more than 10 percent were late beets,
leaf lettuce, Swiss chard, and turnips.
Practically all vegetables showed much smaller yields from the
untreated check plots than from the manured plots, the difference
amounting to more than 40 percent in the case of green string beans,
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early beets, kohlrabi, leaf lettuce, head lettuce, peas, radishes, spinach,
and sweet potatoes, and to more than 20 percent in the case of wax
TABLE 4. EFFECT ON YIELDS OF VEGETABLES OF SUPPLEMENTING MANURE
WITH OTHER FERTILIZERS
(Six-year average yields,
1
acre basis)
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omission of the cover crop. Here 26 crops showed decreases and only
6 showed increases. Furthermore the decrease was very marked in
TABLE 5. EFFECT OF COVER CROP WHEN USED IN COMBINATION WITH
MANURE FOR VEGETABLE PRODUCTION
(Six-year average yields, acre basis)
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Many Increases From Complete Commercial Fertilizers
With Cover Crop
Altho the results of supplementing manure and an incomplete com-
mercial fertilizer with cover crops were unfavorable, the substitution
of a complete commercial fertilizer (composed of steamed bone meal,
dried blood, and potassium sulfate) and a cover crop for manure re-
sulted in very satisfactory yields of many vegetables (Table 6).
TABLE 6. YIELDS OF VEGETABLES FROM COVER CROP AND COMMERCIAL FERTILIZERS
COMPARED WITH THOSE FROM MANURE
(Six-year average yields, acre basis)
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FIG. 1. RELATIVE YIELDS OF TURNIPS, LEAF LETTUCE, AND
SPINACH FROM THREE PLOTS RECEIVING DIFFERENT
SOIL TREATMENTS
The average yield of spinach from the plot treated with limestone,
cover crop, and commercial fertilizer was six times that from the untreated
plot and double that from the manured plot. The turnips and leaf lettuce
also show marked increases in yield.
manure, the results were less favorable than where the complete ferti-
lizer and cover crop were used. On the plot treated with cover crop,
limestone, bone meal, and sodium nitrate (Plot 12) the yields were
greater than on the manured plot in the case of 16 crops and less in
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the case of 16 crops. The largest increases in yield were in spinach,
60 percent; onions from seed, 33 percent; turnips, 30 percent; and
early carrots, 24 percent. Celeriac, onions from sets, peppers, and
leeks also showed more than 10 percent increase.
Where ammonium sulfate was used as the source of commercial
nitrogen, the yields were even less favorable than they were where
sodium nitrate was used. Under this treatment (Plot 22) only 10
crops yielded more than from manure alone; 22 crops yielded less.
The omission of commercial nitrogen from the fertilizer used with
a cover crop in place of manure was detrimental to the yields. In the
case of 24 crops the yields were less from the plot treated with cover
crop, limestone, bone meal, and potassium sulfate (Plot 19) than from
the plot treated with cover crop, limestone, bone meal, dried blood,
and potassium sulfate (Plot 13). The differences in yield between
these two treatments were especially marked in cauliflower, radishes,
sweet potatoes, eggplant, peas, and early cabbage.
Complete Commercial Fertilizer Alone Produced
Good Crops of Some Vegetables
Even in the absence of a cover crop and lime, the complete com-
mercial fertilizer, consisting of steamed bone meal, dried blood, and
TABLE 7. COMMERCIAL FERTILIZERS COMPARED WITH MANURE
FOR VEGETABLE PRODUCTION
(Six-year average yields, acre basis)
Average
checks
Plotl
M
Plots
BoBlK
Plot 21
PM
26s.
Beans, green pod 1 951
Beans, wax 1 973
Beans, dwarf lima 2 471
Beets, early 9 959
Beets, late 55 308
Cabbage, early 12 529
Cabbage, late 16 691
Carrots, early 8 248
Carrots, late 22 819
Cauliflower 1 753
Celeriac 3 482
Celery 14 346
Eggplant 9 653
Garlic 3 344
Kohlrabi 5 493
Leeks 9 647
Lettuce, leaf 7 040
Lettuce, head 4 473
Okra 2 647
Onions, sets 14 234
Onions, seed 6 684
Parsley 9 064
Parsnips 15 356
Peas 2 933
Peppers 11 484
Potatoes 7 154
Radishes 1 115
Salsify 7 206
Spinach 1 353
Sweet potatoes 3 957
Swiss chard 46 515
Turnips 16 632
Ibs.
3 388
2 574
2 420
18 172
76 252
17 446
22 363
13 772
29 704
2 508
5 241
19 230
11 632
3 872
12 936
12 056
21 648
7 920
3 124
17 166
10 831
13 420
22 528
5 258
10 846
9 295
3 080
11 132
4 004
7 762
65 318
21 824
Ibs.
3 498
2 442
2 508
20 284
79 068
17 765
23 441
18 216
30 140
2 134
5 320
5 492
13 826
3 696
9 240
12 628
20 900
8 888
3 102
18 948
10 860
11 660
18 656
4 664
10 604
8 569
2 024
8 932
4 180
5 365
62 414
30 404
Ibs.
2 486
2 134
2 310
12 496
69 608
16 280
23 694
8 140
27 896
2 640
3 294
12 820
11 171
3 168
10 648
7 700
> 41>
4 488
2 002
15 702
6 533
11 748
15 136
2 904
10 670
8 635
2 200
9 684
1 716
4 461
54 054
29 084
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potassium sulfate, produced larger yields than manure alone in the
case of 16 crops out of 32 (Table 7). The increase was most marked
in turnips, 39 percent; early carrots, 32 percent; and eggplant, 18
percent. Other crops in which the increase was more than 10 percent
were early beets, head lettuce, and onions from sets.
When an attempt was made to substitute commercial dried poultry
manure for stable manure, the results were less satisfactory. With
only 3 crops were the yields as good as from stable manure. These
crops were turnips, late cabbage, and cauliflower. As compared with
yields from the untreated check plots, however, the yields from poul-
try manure were greater in the case of 21 crops; and with late cab-
bage, cauliflower, kohlrabi, radishes, and turnips, the increases in yield
amounted to more than 40 percent. Other crops in which the increase
in yield was more than 20 percent were green string beans, early beets,
late beets, early cabbage, late carrots, leaf lettuce, parsley, potatoes,
salsify, and spinach.
Superphosphate Best Source of Phosphorus
When used with manure, limestone, and a cover crop, superphos-
phate proved more effective than either steamed bone meal or raw rock
TABLE 8. EFFECT OF DIFFERENT FORMS OF PHOSPHORUS WITH AND WITHOUT
MANURE ON YIELDS OF VEGETABLES
(Six-year average yields, acre basis)
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FIG. 2. ONE CUTTING OF EARLY CABBAGE FROM EACH
OF FOUR PLOTS
The 33 heads in the pile at the left, grown without fertilizer treatment,
weighed only 81 pounds; while the 30 heads in the pile at the right, grown
on the plot treated with a complete fertilizer, weighed 122 pounds. The
second pile from the left was grown on the plot treated with manure alone ;
the 30 heads weighed 101 pounds. The third pile from the left was grown
on the plot treated with a cover crop, limestone, and a complete fertilizer;
the 32 heads weighed 114 pounds.
phosphate in increasing yields of 17 of the vegetables tested, while
bone meal gave the greatest increase with only 7 vegetables, and raw
rock phosphate with only 2 (Table 8).
The vegetables that showed the most marked increases from super-
phosphate when used in addition to manure, cover crop, and limestone
were wax beans, 38 percent; early cabbage, 17 percent; late cabbage,
20 percent; cauliflower, 80 percent; eggplant, 21 percent; kohlrabi,
37 percent; onions from sets, 18 percent; radishes, 30 percent;
turnips, 26 percent. Other crops in which the increase was more than
10 percent were celeriac, leaf lettuce, and peas.
When used with a cover crop and limestone, without manure,
superphosphate gave greater increases in yield than steamed bone
meal or raw rock phosphate in 15 of the crops. Steamed bone meal
gave the greatest increase in 7 crops and raw rock phosphate in only
2 crops. The increases in the yields of certain crops, apparently due
to the superphosphate, as compared with the yields from the limestone
and cover-crop treatment alone, were green string beans, 38 percent;
early carrots, 72 percent; celeriac, 16 percent; eggplant, 15 percent;
garlic, 18 percent; leaf lettuce, 105 percent; head lettuce, 53 percent;
onions from sets, 14 percent; onions from seed, 33 percent; parsnips,
46 percent; peas, 27 percent; salsify, 35 percent; spinach, 14 percent.
Potassium Beneficial to Some Crops
Potassium, when used in combination with other materials, was
especially beneficial to certain crops. The yields from Plots 3 and 4,
16 and 19, and 8 and 11 afford a basis for comparison (Table 9).
The yields of more crops appeared to be increased by the potassium
when it was used on land that had grown a cover crop than when it
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TABLE 9. EFFECT OF POTASSIUM USED IN COMBINATION WITH OTHER MATERIALS
ON YIELDS OF VEGETABLES
(Six-year average yields, acre basis)
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Dried blood 70.70 to 9850 a ton
Ammonium sulfate 64.00 to 83.50 a ton
Potassium sulfate 48.00 to 66.00 a ton
Hairy vetch seed 14 to 21% a pound
Seed rye 1.40 to 1.75 a bushel
The average cost of treating the various plots each year for the
six years 1923 to 1928 inclusive is given in Table 10. These costs are
TABLE 10. COST OF TREATMENT PER ACRE PER YEAR
(Six-year average)
Plot
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The above prices were used in calculating the gross value of the
given product from each plot. The net value of each fertilizer treat-
ment for the production of each kind of vegetable was then calculated,
on an acre basis, by subtracting the cost of the fertilizer and the value
of the crop produced on the untreated check plots from the gross value
of the crop produced on the given plot. All other items in the cost of
growing the crops, except the fertilizer treatment, were alike for all
the plots.
There would be slight differences in the cost of harvesting the
product from different plots, because of differences in yield, and for
the same reason there would* be some differences in the cost of pre-
paring the product for market. It has not been possible to make an
TABLE 11. NET RETURNS FROM FERTILIZER TREATMENTS USED
WITH DIFFERENT VEGETABLES
(Six-year average, acre basis)
Plot
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TABLE 11. (Concluded)
Plot
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meal, and potassium sulfate, while on Plot 4 the cover crop was
omitted. Among the plots on which a cover crop was used in com-
bination with manure and other fertilizers, Plot 11 was outstanding
when the value of the increased yields is compared with the cost of
the treatment. Another treatment that gave especially good results
was manure, limestone, and bone meal (Plot 3). This plot ranked
either first or second in the case of 10 crops. The only plots other
than the three mentioned, which ranked first or second in as many as
5 crops, were Plots 2 and 13.
Of the treatments which did not include manure, that given Plot 13
(cover crop, limestone, bone meal, dried blood, and potassium sulfate)
is worthy of special mention. Altho one of the more expensive treat-
ments, it ranked either first or second in net value of products in case
of 5 crops and outranked Plot 2 (treated with manure and limestone)
in case of 16 different crops.
RECOMMENDATIONS
Since there were wide differences in the response of the different
vegetables to the same fertilizer treatment, it is impossible to make a
general recommendation that would be applicable to all the vegetables
included in these tests. Most of these vegetables, however, can be
classified into a small number of groups on the basis of their response
to given fertilizer treatments. Taking into account not only increases
in yield, but also the net value of each treatment as determined by
subtracting the cost of the fertilizer and the average value of the crop
produced on the untreated plots from the gross value of the crop pro-
duced under a given treatment, the following recommendations seem
warranted.
1. Limestone in addition to manure is recommended for the pro-
duction of the following vegetables on dark-colored silt loam showing
acid reaction: cabbage, cauliflower, carrots, eggplant, garlic, lettuce
(both leaf and head), onions, peppers, and spinach.
2. Phosphorus as a supplement to manure and limestone is recom-
mended for the production of green string beans, carrots, early cab-
bage, celeriac, celery, eggplant, leeks, onions, and parsnips.
3. Potassium in combination with phosphorus, limestone, and ma-
nure is recommended for the production of beets, kohlrabi, leaf lettuce,
peas, potatoes, spinach, and Swiss chard.
4. When manure cannot be obtained, it is recommended that a
complete commercial fertilizer be used in combination with limestone
and cover crops for the production of beets, cabbage, early carrots,
cauliflower, celeriac. celery, leaf lettuce, onions, parsley, spinach, sweet
potatoes, Swiss chard, and turnips.
These recommendations refer particularly to the production of
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vegetables on dark-colored silt loam with an acid reaction. For soils
of the same type in which tests show no lime requirement, the lime-
stone could be omitted from the treatment.
COMPOSITION OF RECOMMENDED FERTILIZERS
In these tests it was not feasible to include all possible combina-
tions of manure, cover crops, and mineral elements from various
sources. The best results in using phosphorus as a supplement to
manure were obtained where no cover crop was employed. Phos-
phorus from only one source (bone meal) was used in such combina-
tion. In the comparative tests of the three sources of phosphorus,
cover-crop treatment was included on all the plots. Here the results
were strongly in favor of superphosphate (acid phosphate) as a source
of phosphorus for many of the crops. It is not unreasonable to pre-
sume that similar favorable results might have been obtained from
the use of this material as the source of phosphorus in combination
with manure without a cover crop, particularly if an equivalent
amount of phosphorus had been applied.
Expressed in the usual terms of fertilizer formulas, the composition
of the fertilizers giving best results in these tests were as follows:
The bone meal used as the source of phosphorus to supplement
manure and limestone on Plot 3 had a composition of approximately
1-29-0. It was used at the rate of 500 pounds to the acre.
The mixture of bone meal and potassium sulfate used on Plots 4
and 11 (in addition to manure and limestone, and manure, cover crop,
and limestone) was approximately equivalent to a fertilizer of the
formula
.7-21-14, applied at the rate of 700 pounds to the acre or a
.4-12-8 formula used at the rate of 1,200 pounds to the acre. For
practical purposes this would be an 0-12-8 formula.
The fertilizer applied to Plot 13, in addition to the cover crop and
limestone, was approximately equivalent to a 6-12-8 formula used at
the rate of 1,200 pounds to the acre.
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